BACKGROUND: Acute dyspnea is a common symptom in the ED. The standard approach to dyspnea often relies on radiologic and laboratory results, causing excessive delay before adequate therapy is started. Use of an integrated point-of-care ultrasonography (PoCUS) approach can shorten the time needed to formulate a diagnosis, while maintaining an acceptable safety profile.
Acute dyspnea is a frequent presenting symptom in the ED. Emergency physicians need to rapidly and accurately formulate a diagnosis to guide an early and appropriate therapeutic intervention, especially in critically ill patients in whom rapid stabilization is crucial to reduce morbidity and mortality.
Dyspnea is the leading symptom of many diseases, and rapid discrimination of the underlying pathologic condition is often difficult for the emergency physician. A careful anamnesis and a thorough physical examination can direct diagnostic suspicion, but these methods need to be integrated with laboratory and radiologic testing, whose results are often also delayed. [1] [2] [3] Patients with dyspnea are often evaluated by using chest radiograph (CXR) or chest CT (CCT) scans; these techniques, however, have some disadvantages, including radiation exposure and contraindication in pregnant patients. 4 Moreover, it can be difficult to perform CXR in critically ill patients, and results may be misinterpreted. 5, 6 Conversely, CCT scanning, which is considered the gold standard for the differential diagnosis of dyspnea, 7 has high costs, is not feasible in patients in unstable condition, and is not available 24 h a day in all ED settings. 8 Point-of-care ultrasonography (PoCUS) has become a widely used diagnostic tool in the ED. Because it can be rapidly performed at the bedside by the emergency physician, it should be considered an extension of the physical examination, adding anatomic and functional information to the clinical data. [9] [10] [11] This approach allows identification of the most likely diagnosis and prompt initiation of urgent therapies.
Many studies have confirmed the high accuracy of lung ultrasonography (LUS) in the differential diagnosis of acute respiratory failure. LUS seems to be at least as accurate as CXR, with a higher sensitivity for pulmonary edema, pneumothorax, pneumonia, and free pleural effusion. [12] [13] [14] [15] Emergency echocardiography (ECHO) performed by emergency physicians can also add some important information regarding patients with acute dyspnea (ie, dilation of heart chambers, visual estimation of left ventricular ejection fraction, [16] [17] [18] presence of pericardial fluid). Integrating LUS and ECHO helps to differentiate cardiogenic from noncardiogenic dyspnea. [19] [20] [21] Finally, the inferior vena cava (IVC) diameter and its variations during respiratory activity allow an indirect estimation of right atrial pressure and an assessment of volume status, providing useful information to guide fluid therapy. 22, 23 Based on this information, integration of lung, heart, and IVC ultrasound with PoCUS could lead to a rapid diagnosis and therefore to targeted, early treatment of patients with acute dyspnea in the ED. The aim of the present study was to evaluate the feasibility and diagnostic accuracy of PoCUS for the management of patients with acute dyspnea in the ED.
Patients and Methods
Design, Setting, Protocol, and Population
This prospective, blinded, observational study was performed in the ED of a university-affiliated teaching hospital. The study, which is consistent with the principles of the Declaration of Helsinki on clinical research involving human subjects, was approved by the institutional review board committee of the ED of Careggi University Hospital (project approval no. 05/2012). Written informed consent was obtained from each patient included in the study.
Consecutive adult patients (aged > 18 years) presenting with acute dyspnea of every degree were considered for the study; patients with dyspnea of traumatic origin or discharged after ED evaluation were excluded. The study was performed by 10 emergency physician sonographers who had previously attended a professional 80-h course of theoretical lessons and a training program comprising 150 LUS and 150 ECHO in the ED (as required by the American College of Emergency Physicians' guidelines 24 ) and with at least 2 years' experience.
Primary assessment of enrolled patients consisted of a routine evaluation with detection of vital signs, a medical history, physical examination, and 12-lead ECG; the treating physician then requested CXR, CCT scans, ECHO performed by a cardiologist, and blood sampling or arterial blood gas analysis as needed. The treating physician gave notification to one of the emergency physician sonographers, who performed the PoCUS before the results of these additional tests were received. After the completion of the ultrasound evaluation, the sonographer investigator, only aware of the results of the primary assessment, completed a standardized form, specifying which diagnosis among heart failure, acute coronary syndrome, pneumonia, pleural effusion, pericardial effusion, COPD/asthma, pulmonary embolism, pneumothorax, ARDS/acute lung injury (ALI), or other (cancer, interstitial lung disease, psychogenic dyspnea, metabolic disorder, neurologic disorder, or musculoskeletal chest pain) was the most likely (ultrasound diagnosis). For each patient, up to two concomitant diagnoses could be present. Finally, the treating physician, blinded to the PoCUS findings, after evaluating results of the previously requested additional tests, completed a standardized form specifying which one or two of the aforementioned diagnoses were most likely (ED diagnosis).
For each patient, the time of entry into the visit room, the time needed to perform the ultrasound scan and relative diagnosis, and the time of formulation of ED diagnosis were recorded. Ultimately, the ultrasound and ED diagnoses were compared with the final diagnosis, which was considered the gold standard. The final diagnosis was formulated by two emergency medicine experts, who reviewed the clinical chart and were aware of the results of every laboratory, ultrasound, and radiologic examination performed on the patient both during the ED stay and the hospital stay. For each patient, up to two concomitant diagnoses could be present.
PoCUS Evaluation
PoCUS was performed with a multiprobe machine (MyLab 30 Gold; Esaote SpA) with a 4-to 8-MHz linear probe and a 2.5-to 3.5-MHz curved array probe. Each ultrasound examination was performed by following a systematic and standardized sequence (LUS, ECHO, IVC evaluation) and according to predefined ultrasound protocols.
The lungs were examined by using longitudinal and oblique scans on anterolateral and posterior thoracic areas. Anterolateral examination was performed with the patient in the supine or near-to-supine position; whenever possible, dorsal areas were scanned in the sitting position or by turning the patient in the lateral decubitus on both sides in case of forced supine position.
Lung examination was targeted to the detection of specific ultrasound patterns identified according to international recommendations on point-of-care lung ultrasound 25 : pulmonary edema as bilateral diffuse interstitial syndrome; pneumonia as the presence of lung consolidation and air bronchogram(s) with or without focal interstitial syndrome; pleural effusion as the presence of an anechoic space between the parietal and visceral pleura; pulmonary embolism was considered in the presence of two or more triangular or rounded pleural-based lesions indicating a pulmonary infarction, 26 or, as COPD/asthma, in the absence of any aforementioned pattern in a patient with suggestive medical history; pneumothorax was defined as the absence of lung sliding, B-lines, and lung pulse with the presence of lung point; and ARDS as the presence of subpleural anterior consolidations with the absence or reduction of lung sliding, spared areas of normal parenchyma, pleural line abnormalities such as irregularly thickened or fragmented pleural line and nonhomogeneous distribution of B-lines.
Afterwards ECHO was then performed in an apical four-chamber view to allow for qualitative evaluation of left ventricular ejection fraction (which was considered reduced if < 50%) and the presence of right ventricular dilation (right/left ventricular end-diastolic diameter ratio > 1 at the level of atrioventricular valve annulus). A subcostal longaxis view was performed to assess the presence of pericardial effusion and to evaluate left ventricular ejection fraction.
Finally, IVC maximum and minimum diameters and the IVC collapsibility index were measured in the subcostal view in M-mode at 2 cm from the right atrial junction. 27, 28 The IVC collapsibility index was considered reduced if < 50%, normal, or increased if $ 50%. 29 Findings of the ultrasound examination were collected in a standardized form.
Statistical Analysis
Data points are expressed as mean AE SD. The unpaired Student t test was used to compare normally distributed data. The Fisher exact test was used for the comparison of noncontinuous variables expressed as proportions. P values < .05 indicate statistical significance; all P values are two-sided. The diagnostic performance of PoCUS and of a traditional ED evaluation was assessed by calculating sensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratios. The k statistic was used to compare the concordance between different diagnostic methods. 30 The McNemar test was used to compare the sensitivities and specificities of PoCUS and traditional ED evaluation for each diagnosis. 31 Calculations were performed by using SPSS version 20.0 (IBM SPSS Statistics, IBM Corporation).
Results
From January 2013 to December 2013, a total of 3,487 patients with dyspnea as their presenting symptom were evaluated at the ED. Among them, 804 patients were excluded from the study (734 were discharged from the ED, 57 had dyspnea of traumatic origin, 7 did not consent, and 6 died in the ED); 2,683 patients were thus included. Enrolled patients had a mean age of 71.2 AE 18.6 years (range, 18-107 years), and 1,316 were women. The main characteristics of enrolled patients are shown in Table 1 .
During the ED evaluation or the hospital stay, 2,629 patients underwent CXR (98%), 295 underwent CCT scanning (11%), and 402 underwent ECHO performed by a cardiologist (15%). PoCUS was performed in every patient enrolled in the study with an average time of 7 AE 2 min (3 AE 1 min for LUS and 4 AE 1 min for ECHO). The average time needed to formulate the ultrasound diagnosis was 24 AE 10 min, whereas the formulation of the ED diagnosis required a significantly longer time (186 AE 72 min; P ¼ .025).
Causes of dyspnea according to the ultrasound diagnosis, the ED diagnosis, and the final diagnosis are reported in Table 2 . The total number of ultrasound diagnoses, ED diagnoses, and final diagnoses was 2,791, 2,798, and 2,890, respectively; patients with a double Concordance between the ultrasound and ED diagnoses for each disease was first calculated, and the results are reported in Table 3 . Concordance was optimal (0.8 < k < 1) for the diagnosis of heart failure, pericardial effusion, COPD/asthma, and pneumothorax; good (0.6 < k < 0.8) for acute coronary syndrome, pneumonia, isolated pleural effusion, and other causes; moderate (0.4 < k < 0.6) for pulmonary embolism; and poor for ARDS/ALI (0 < k < 0.4). Overall concordance was good (k ¼ 0.71). Subsequently, ultrasound and ED diagnostic performances for each specific diagnosis were calculated comparing the ultrasound and ED diagnoses with the final diagnosis; results are shown in Tables 4  and 5 , respectively. For heart failure, the ultrasound diagnosis was significantly more sensitive than the ED diagnosis (88% vs 77%; P < .001), despite a minor specificity (96% vs 98%; P < .001). A statistically significant difference in sensitivity was also found in the diagnosis of COPD/asthma and pulmonary embolism, in which the ultrasound diagnosis was inferior to the ED diagnosis (87% vs 92% [P < .001] for COPD/asthma; 40% vs 91% [P < .001] for pulmonary embolism). In addition, specificity of the ultrasound diagnosis for ARDS/ALI was significantly inferior to that of the ED diagnosis, even if almost optimal (99.5% vs 99.9%; P ¼ .002). There was no statistically significant difference between sensitivities and specificities of the ultrasound and ED diagnoses in terms of acute coronary syndrome, pneumonia, pleural effusion, pericardial effusion, pneumothorax, and other causes of dyspnea.
The ultrasound diagnosis was highly sensitive and specific for the diagnosis of pneumothorax, pneumonia, and pericardial effusion; moreover, it was also very specific for the diagnosis of acute coronary syndrome, pleural effusion, pulmonary embolism, and dyspnea from other causes.
Discussion
This prospective study evaluated the feasibility and usefulness of a PoCUS approach compared with a standard ED evaluation. From these results, we can affirm that PoCUS is a reliable and accurate tool that could be used in the initial approach to patients in the ED with dyspnea.
Our first goal was to show that the ultrasound diagnosis was concordant with the ED diagnosis in enrolled patients; the high obtained value of concordance (k ¼ 0.71), which is associated with a significant reduction in diagnostic time in favor of PoCUS, confirms that PoCUS provides a reliable early diagnosis in patients with dyspnea and, subsequently, allows use of an early targeted therapy. See Table 2 legend for expansion of abbreviation.
The time needed to formulate an ultrasound diagnosis was significantly less than that required for an ED diagnosis. Although we are aware that this difference could be partially due to co-existing clinical duties that distracted the treating physician from evaluation of the patient with dyspnea, the difference in the average time strongly favors the ultrasound evaluation.
Analyzing diagnostic performance, we found that PoCUS was statistically superior to the standard ED evaluation for a heart failure diagnosis, which represented the final diagnosis in 20% of the study patients; because the negative predictive value of the ultrasound diagnosis for heart failure was very high (97%), we concluded that the absence of the ultrasound patterns associated with heart failure (ie, diffuse interstitial syndrome, reduced ejection fraction) allowed us to rule out with high reliability this condition as the main cause of dyspnea.
The most common cause of dyspnea in this study sample was pneumonia (38% of diagnoses); the sensitivity and specificity of the ultrasound diagnosis were similar to what have been reported in the literature (sensitivity 88.5% vs 82.8% and specificity 91.6% vs 95.5%) 15 and comparable to those of the ED diagnosis (neither P value significant), but the diagnosis was reached earlier with PoCUS.
Moreover, no significant difference in terms of sensitivity and specificity was found for the diagnosis of acute coronary syndrome, pleural effusion, pericardial effusion, pneumothorax, or dyspnea due to other causes, representing 12% of the final diagnoses.
However, the sensitivity of the standard ED evaluation was statistically superior to that of PoCUS for the diagnosis of COPD/asthma and pulmonary embolism. In our opinion, this finding is due to a prevalent clinical diagnosis of COPD/asthma, mostly derived from the patient's medical history and from improvement after specific therapy, often without radiologic or ultrasoundspecific findings. Concerning pulmonary embolism, the lower sensitivity of the ultrasound diagnosis compared with that of the ED diagnosis (40% vs 91%) is likely due to the essential information provided by the CT pulmonary angiography, which is frequently included in the standard ED evaluation of patients with suspected dyspnea. However, in the present study, of 41 ultrasound diagnoses of pulmonary embolism confirmed at final diagnosis, 40 (97%) were associated with right ventricular dilation and 27 (66%) with the detection of pulmonary infarction. In 54 cases, pulmonary embolism was not diagnosed according to PoCUS; none of these patients had right ventricular dilation, but 3 cases (5%) had findings suggestive of pulmonary infarction. From these results, it seems that right ventricular dilation is essential for the suspicion of pulmonary embolism; the presence of characteristic triangular or rounded pleuralbased consolidation is seemingly hardly interpreted as a pulmonary infarction in the absence of right ventricular dilation.
This study did have some limitations. PoCUS examination was performed by emergency physicians with at least 2 years' experience in ultrasound; application of the same methodology by physicians with less experience may lower accuracy and safety.
Another limitation is that patients who were not admitted after ED evaluation were not included in the study.
The sensitivity of PoCUS for pulmonary embolism could have been increased by performing a compression ultrasound searching for DVT. This compression ultrasound was not included because when we conceived the study, this examination was considered too timeconsuming to be included in an integrated ultrasound evaluation of patients with dyspnea compared with the expected prevalence of pulmonary embolism in this setting.
The prevalence of ARDS diagnosis in this study population was so limited (16 patients) that we could not reach definitive conclusions about the clinical utility of PoCUS in these patients.
Conclusions
The present study showed a good concordance between the diagnoses reached after PoCUS evaluation and after standard ED evaluation in the differential diagnosis of patients with dyspnea. There was a significant reduction in diagnostic time in favor of PoCUS; this finding is extremely important in the emergency setting because a rapid diagnosis and therapy are often critical for the patient's prognosis.
PoCUS may represent the first feasible and accurate diagnostic approach to the patient with dyspnea in the ED, helping stratifying patients who should undergo a second-level diagnostic test (ie, cases with nonconclusive ultrasound evaluation or needing more detailed studies).
If these data are confirmed by further studies, this integrated ultrasound method could be the basis of a new semeiotics and replace the current first diagnostic approach to patients presenting with dyspnea, allowing a drastic reduction in costs and diagnostic times. 
